INTRODUCTION
Diabetic Charcot arthropathy is a debilitating condition that is associated with peripheral neuropathy and characterised by the progressive destruction of weight-bearing bones and joints, which leads to gross instability, recurrent ulcerations and/or amputation.
(1) The estimated prevalence of diabetic Charcot arthropathy, as reported in various studies, ranged from 0.08% in the general diabetic population to about 13% in specialty diabetic foot clinics. (2) The prevalence rate is believed to be variable, as patients remain undiagnosed due to clinicians' lack of training and inadequate understanding of the natural history of diabetic Charcot arthropathy. (3) Charcot arthropathy is a complication of diabetes mellitus that further increases the morbidity and mortality of patients. (4, 5) A long-term follow-up study has shown that longstanding Charcot foot will decrease a patient's physical functions and quality of life. (6) Peripheral neuropathy is believed to be the prerequisite for the development of Charcot arthropathy, although not all diabetic patients with peripheral neuropathy will develop Charcot joint. (7) Theories on the pathogenesis of Charcot arthropathy have evolved from the interaction of the neurotraumatic and neurovascular theories to the current, much more well-recognised inflammatory theory. (8) (9) (10) These theories help to explain why Charcot arthropathy often occurs unilaterally at first onset, whereas peripheral neuropathy has symmetrical involvement. However, the pathogenesis and aetiology of diabetic Charcot arthropathy remain unclear; thus, independent predictors of this disease should be identified among the diabetic population in order to provide adequate and specific measures to prevent this debilitating condition.
According to previous reports, the risk factors for diabetic Charcot arthropathy are multifactorial. Obesity with peripheral neuropathy, comorbid renal failure, being of an older age group (> 65 years) and race (white) have been reported as significant predictors of diabetic Charcot arthropathy in a large cohort study. (11) Other studies reported that diabetic patients who are ambulant, and have nephropathy, microvascular complications (peripheral neuropathy and retinopathy), and a history of previous foot ulcer are significantly prone to developing diabetic foot Charcot arthropathy. (12, 13) A history of preceding trauma, which includes diabetic foot problems (foot ulcers, foot deformities, prior foot complex surgery or amputation), may be a factor that triggers the events leading to the development of Charcot arthropathy. (2, 14) In view of these multifactorial predictors, this study aimed to obtain data on the risk factors of diabetic Charcot arthropathy in Malaysia's multiracial society. Information on the predictors of diabetic Charcot arthropathy may help medical practitioners in primary care as well as other physicians to better address the needs of diabetic patients, and to provide early detection for appropriate referrals and expert management.
METHODS
This was a hospital-based case-control study conducted over a one-year period (from June 2010 to June 2011) at University Risk factors of diabetic foot Charcot arthropathy: a case-control study at a Malaysian tertiary care centre Malaya Medical Centre (UMMC), Kuala Lumpur, Malaysia. The case and control groups were taken from the same population at the Diabetic Foot Care and Wound Management Clinic, a specialised clinic for foot-care education and monitoring that serves not only diabetic patients with foot problems (i.e. Charcot arthropathy, foot deformities and ulcers), but also those without foot deformities who may or may not have peripheral sensory neuropathy. Patients are referred from various departments, including primary care medicine, endocrine and orthopaedic clinics.
The case group included 48 diabetic patients with Charcot arthropathy of the foot, who were diagnosed by the attending physician. The control group, who were recruited from the same clinic, comprised 52 diabetic patients without Charcot arthropathy, ulcer or other foot deformities. All 100 patients involved in the study had Type 2 diabetes mellitus. The universal sampling method was used to gather all diabetic patients with Charcot foot deformities (case group) and those who had no foot deformities (control group), until the minimum number was achieved, based on the sample size estimation, within the stipulated timeframe. The independent variables used to determine risk factors for diabetic Charcot arthropathy were divided into three subgroups: sociodemographic profiles; foot factors; and diabetes characteristics.
Using the Neuropathy Symptom Score (NSS) questionnaire, face-to-face interviews were conducted during the patient's clinic visit to collect data on sociodemographic status, foot factors and severity of peripheral sensory neuropathy symptoms. (15) Foot examinations were carried out to allocate patients to the case or control groups, as well as to determine the site of deformity and the site at which Semmes-Weinstein monofilament examination for peripheral neuropathy was to be performed. Data on the diabetes characteristics of all patients was retrieved from the patient medical records. Ethical approval from UMMC was obtained prior to the study. Verbal and written consent was also obtained from all patients before the commencement of the interview, and the collated information was kept confidential.
Data collected for the sociodemographic profile included age, gender, ethnicity, occupation and educational level. Age was calculated from the date of birth up to the year of the patient's first presentation with Charcot deformity for the case group, or taken during data collection for the control group. The date of birth was further verified by checking the patient's identification number. For the case group, the job in which the patient was engaged before the onset of Charcot foot deformity was taken as the occupation.
The patient's history of prior diabetic foot problems, such as foot ulcers, foot complex amputation, and/or other types of foot surgery (e.g. surgical debridement, osteotomy, fixation), was obtained either from the medical record or via patient self-report. The duration spent walking/standing per day and ambulation status were obtained from the patient self-report. For the case group, ambulation status referred to the ability to ambulate before the onset of Charcot deformity. Records on diabetes characteristics included type and duration of diabetes mellitus, medication, presence of retinopathy, nephropathy and peripheral neuropathy (on Semmes-Weinstein monofilament examination), symptom severity (evaluated using the NSS questionnaire), haemoglobin A1C (HbA1C) level, and body mass index (BMI). For the case group, these characteristics were determined prior to the diagnosis of diabetic Charcot arthropathy from available data in the patient medical record. A diagnosis of diabetic nephropathy was defined as deteriorating renal function with evidence of albuminuria. (16) Retinopathy was defined as the presence of diabetic changes, as reported by an ophthalmologist in the patient medical record.
The sample size for the case and control groups, which met the minimum criteria, was estimated using statistical calculator software, OpenEpi version 2.3, for the unmatched case-control study on the basis of 95% confidence interval (CI) and 80% power. The case vs. control ratio was set at 1:1. All data was encoded and analysed using SPSS Statistics version 17.0 (SPSS Inc, Chicago, IL, USA). Chi-square test was used to test for statistical independence between the two groups. Inferential analysis with logistic regression was used to determine significant predictors of diabetic Charcot arthropathy. The final model for multiple logistic regression analysis included all variables with p < 0.05.
RESULTS
This retrospective case control study identified 48 diabetic patients with chronic diabetic foot Charcot arthropathy, comparing them with a control group of 52 diabetic patients who did not have Charcot arthropathy or other foot deformities. Table I summarises the characteristics of the patients with diabetic foot Charcot arthropathy. A large proportion of the diabetic patients presented with unilateral Charcot foot (83.3%), with only 16.7% having bilateral foot involvement. The most common site of involvement of Charcot deformity was the midfoot, followed by the ankle joint, multiple sites, hindfoot and forefoot. All independent variables in the three subgroups (i.e. sociodemographic profiles, foot factors and diabetes characteristics) were compared between patients with and without diabetic Charcot arthropathy, and the results are summarised in Table II. Up to 68.8% of patients with Charcot arthropathy were aged < 60 (mean age 50.15 ± 7.14) years. Only a small percentage (4.0%) of the cohort was aged ≤ 34 years. In diabetic patients without Charcot arthropathy, the majority (67.3%) were > 60 years old. Univariate analysis showed that patients in the age group of < 60 years were five times more likely to develop Charcot arthropathy (odds ratio [OR] 4.5; 95% CI 1.9-10.5). However, there were no significant associations between the development of Charcot arthropathy and gender, race, occupation or educational level.
The results also showed that 77.1% of patients with Charcot arthropathy had a history of prior foot problems that occurred in the foot with Charcot arthropathy, such as foot ulcer, amputation or surgery, or a combination of the aforementioned problems. Thus, patients with previous diabetic foot problems were 19 times more likely (OR 18.5; 95% CI 6.7-50.8) to develop Charcot arthropathy compared with the control group, where a large percentage (84.6%) of patients did not have a history of foot problems. Table III shows the frequency and types of diabetic foot problems in the 48 patients prior to the onset of diabetic Charcot arthropathy. The most common type of foot problem in diabetics with Charcot arthropathy was foot ulcer, followed by a combination of ulcer and surgery. Foot surgery in this context referred to all types of surgery of the foot, including amputation of the foot complex, surgical debridement, incisional drainage and osteotomy for bony deformities.
The majority of the patients with Charcot arthropathy (89.4%) had had diabetes mellitus for more than ten years, as compared with the patients in the control group (61.5%). Patients with chronic diabetes mellitus lasting more than ten years were seven times more likely to develop Charcot arthropathy (OR 6.7; 95% CI 2.0-21.6). The results also showed that insulin treatment, HbA1C level > 6.5%, and the presence of nephropathy and retinopathy were significant predictors of diabetic Charcot arthropathy (Table II) . Up to 87.2% of patients with Charcot arthropathy were on either insulin or insulin with oral hypoglycaemic treatment, 83.0% had retinopathy, 62.8% had nephropathy and 90.7% had a HbA1C level > 6.5%. However, BMI > 23 kg/m 2 did not appear to be a significant predictor (p = 0.198). Ulcer + surgery 11 (22.9) No prior foot problems 11 (22.9) The presence of peripheral sensory neuropathy was established by the 10 g Semmes-Weinstein monofilament test, while symptoms of peripheral sensory neuropathy were elicited by the NSS questionnaire. (15) Approximately 89.4% and 78.8% of the case and control groups, respectively, had symptoms of neuropathy (mild to severe). Most patients in the case and control groups (79.0% vs. 58.0%) experienced moderate to severe sensory neuropathy. In terms of the Semmes-Weinstein monofilament results, 80.0% of the control group had insensitivity (loss of protective sensation) compared to 96.4% in the case group.
To elucidate and determine the independent risk factors of diabetic Charcot arthropathy, multivariate analysis was performed using multiple logistic regression for all significant crude ORs. A history of prior foot problems (such as foot ulcer, amputation of foot complex, surgery or a combination of these) was found to be the most preponderant predictor of diabetic Charcot arthropathy, with a 26-time higher likelihood of development of Charcot arthropathy (OR 26.4; 95% CI 6.4-109.5). Other independent predictors identified in the present study were age < 60 years, duration of diabetes mellitus > 10 years and presence of nephropathy (Table IV) .
DISCUSSION
The present study compared diabetic patients with chronic Charcot arthropathy of the foot to diabetic patients who did not have the condition. Comparisons of the patients' sociodemographic profiles, diabetes characteristics and foot factors were made to predict the independent risk factors of diabetic Charcot arthropathy.
Our results showed that patients with a history of prior diabetic foot problems had the highest propensity for developing diabetic Charcot arthropathy. Other studies have similarly reported that a certain percentage of diabetic patients with Charcot arthropathy had a previous history of foot problems such as ulcer, surgery and/or amputation of the foot complex, along with a loss of protective sensation. (12, 13, 17) Foot ulcer in diabetic patients with loss of protective sensation commonly occurs at the plantar aspect because of the abnormal high plantar pressure. Delayed management and the absence of adequate pressure offloading of the foot ulcer may further delay wound healing, instigate infection and perpetuate the progression of foot deformity. A non-healing, infected foot ulcer may require surgical debridement and amputation. (18) A few case reports have highlighted that a history of prior foot surgery, even without preceding foot ulcers, may instigate Charcot arthropathy as a result of altered weight-bearing forces, abnormal plantar pressure distribution and an ongoing inflammatory process. (19, 20) The common link that ongoing minor repetitive trauma and previous foot problems have with an insensate foot is that both act as triggering factors of inflammatory cascade and the continual production of proinflammatory cytokines, which can further accentuate the expression of receptor activator of the nuclear factor-kappa B ligand system. This phenomenon ultimately leads to osteolysis and osteopenia, resulting in bone breakdown. (9, 21, 22) Therefore, our finding of increased incidence of diabetic Charcot arthropathy in patients who have a history of foot problems is consistent with the novel inflammatory theory for the development of diabetic Charcot arthropathy. (9, 21) The most common site of Charcot arthropathy, based on the results of our study and literature search, is the midfoot, which involves the tarsal and/or tarso-metatarsal joints. (1, 12, 23) Van also reported that midfoot deformity is the most common deformity seen in diabetic Charcot arthropathy with plantar ulceration complication and may predispose the patient to a long-term sequela of foot deformity. (24) In the present study, analysis of diabetes characteristics suggests that chronicity of diabetes mellitus may show a predilection for Charcot arthropathy. Duration of diabetes mellitus of > 10 years, insulin treatment, HbA1C level > 6.5%, and the presence of retinopathy and nephropathy are significantly associated with Charcot arthropathy (p < 0.05).
In a recent study on the risk factors of Charcot arthropathy, Nehring et al found that age appears to have a significant effect on patients with Charcot arthropathy as compared with Charcotfree patients. (25) However, several studies have found that the younger age group is more prone to diabetic Charcot arthropathy than older people. (11) (12) (13) This age trend is also consistent in our diabetic population, where the age group < 60 (mean age 50.15 ± 7.14) years showed a significantly higher propensity for Charcot arthropathy.
There have been conflicting reports concerning the association of diabetic foot Charcot arthropathy with a younger age group and longer duration of diabetes mellitus (> 10 years). Our findings are similar to those of a large-scale study by Stuck et al, which reported that the incidence of diabetic foot Charcot arthropathy was higher among diabetics aged 55-64 years and those who have had diabetes mellitus for six years or more. (11) The results of our study (i.e. the aforementioned two risk factors of diabetic foot Charcot arthropathy) should, however, be used with caution, due to the small sample size in this case-control study. It is possible that the diabetic population with Charcot arthropathy in our study was generally diagnosed at a younger age and, thus, developed micro-and macrovascular complications of diabetes mellitus earlier.
Being ambulant is one of the prerequisites for the development of Charcot arthropathy. (12) Our study found that independence in ambulation alone is not a significant predictor of Charcot arthropathy; prolonged periods of walking or standing daily (at least more than five hours) also predisposed diabetic patients to Charcot arthropathy.
In the present study, both diabetics with and without Charcot arthropathy had a high incidence (~80%) of peripheral sensory neuropathy symptoms, which can be mild to severe (based on NSS). The usual involvement of peripheral sensory neuropathy in diabetes mellitus is bilateral, but the most common presentation in Charcot arthropathy is unilateral at first onset. (12) This natural history of diabetic Charcot arthropathy suggests that it is not a systemic pathology and that not all patients with diabetic peripheral neuropathy will eventually develop Charcot arthropathy. Our study findings suggest that the interaction and combination of multiple factors (including history of prior diabetic foot problems, diabetes chronicity, age < 60 years old, presence of nephropathy and retinopathy, and prolonged ambulation) further heightened the risk of development of diabetic Charcot arthropathy of the foot. Thus, it is important that preventive strategies in the management of diabetic foot problems involve a multidisciplinary team (e.g. podiatrist, primary care physician, endocrinologist, ophthalmologist and orthopaedic surgeon) to ensure early detection and optimum care. Risk stratification for diabetic foot may enable physicians and podiatrists to make better decisions on footcare management, intervals of follow-up, and the provision of offloading devices and protective footwear that prevent foot problems, thus reducing the incidence of new foot lesions and preserving the limb from amputation and deformity. (14) Early detection and management with offloading devices and protective weight-bearing are also pertinent in preventing further bone destruction in Charcot arthropathy. (26) The present study is not without limitations. First, the study recruited only patients with chronic Charcot arthropathy for the case group and retrospectively reviewed the predictors of Charcot arthropathy. Second, there may be possible bias due to missing data in the disease profile and recall bias when collecting information for the NSS questionnaire (such as history of diabetic foot problems and duration of ambulation), which may have affected the results. Furthermore, information from the time of onset of diabetic foot problems to the diagnosis of diabetic Charcot arthropathy was unavailable. To minimise the aforementioned bias, a larger-scale cohort study should be conducted in the future. Given that not all diabetic patients with peripheral neuropathy eventually develop diabetic Charcot arthropathy, further prospective studies with matched peripheral neuropathy groups should be conducted in order to focus on the predictors of this debilitating condition. Another limitation of the study was the absence of data on the history of foot problems in the contralateral foot, since the majority of the diabetic foot Charcot arthropathy patients presented with unilateral involvement. In future studies, this data should be included to strengthen the association of risk factors, since the presentation of diabetic foot Charcot arthropathy is commonly unilateral, while peripheral neuropathy usually presents with symmetrical involvement.
In conclusion, the present study has demonstrated that a history of diabetic foot problems, especially foot ulcers and a combination of foot ulcers and surgery of foot complex, independently elevates the risk of developing diabetic foot Charcot arthropathy. Other risk factors include a duration of diabetes mellitus longer than ten years, age less than 60 years and the presence of nephropathy. High vigilance toward the management of diabetic foot-care practices is of paramount importance for the prevention and early detection of diabetic foot problems. Therefore, using preventive strategies with diligent risk stratification, adequate offloading and plantar distribution management can reduce the incidence of diabetic foot problems. (14) Diabetic Charcot arthropathy is associated with multifactorial risk factors and requires a concerted effort from multidisciplinary teams. Special scrutiny, foot care and education are imperative, especially in chronic diabetic patients with micro-and macrovascular complications. Further prospective research with matched peripheral neuropathy groups should be conducted.
